A maternally transmitted Xp + chromosome was associated with an abnormal
The rearranged chromosome was late replicating in 97 to 100% of the metaphases in the mothers but it was early replicating in 43% of the lymphocytes in the mentally defective female (n = 100 cellslsubject). Genetica (fig 2) . Therefore, the Xp + chromosome may be described as a rea(X) (Xqter-+Xp22.3::
Xq26.3 -*qter). In all three mothers the Xp + was predominantly inactive (97 to 100% of the metaphases) whereas in the mentally retarded girl it was either late (57%) or early (43%) replicating (n = 100 cells/subject) (fig 2) . The X chromosome paint showed that the extra segment consisted only of X chromosome sequences whereas the hybridisation pattern of cosmids A and lAl confirmed the distal Xq duplication (fig 3) . The Y chromosome paint showed an apparently normal pseudoautosomal region at p22.3 in the rearranged X chromosome (fig 3) . Cell lines are not available from any of these people.
Discussion
It is uncertain whether this abnormal chromosome resulted from a recombination within an untraced (either germinal or constitutional) pericentric inversion or from an interhomologue translocation. Although telomeric sequences at the breakpoint junction were not looked for, neither their presence nor absence may unequivocally elucidate the origin as a pericentric inversion, which may result from a single break at Xq26.3 with transposition of the Xq distal segment onto the Xp telomere and healing of the broken end.12 Regardless of the mechanism, the present Xp + chromosome looks like an actual recombinant.5
The two male infants presented in this paper and one previously published boy with a similar imbalance5 did not show ichthyosis or other exclusive stigmata of Xp22 nullisomy, a finding consistent with the very distal localisation of the Xp breakpoint in both rearrangements. Otherwise, males with duplications for other Xq segments also exhibit perinatal asphyxia, severe mental retardation, marked short stature, inguinal hernias, hypoplastic genitalia, and cryptorchidism.1-3 13 Of particular relevance here are three severely affected boys with mental retardation, hypotonia, no speech development, seizures, short stature, and microcephaly secondary to disomy for [5] [6] [7] [8] [9] [10] Mb of Xq28 resulting from aberrant Xq-Yq interchanges.'4 Remarkably, males with partial Xp duplications also show mental and growth retardation as major components of a phenotype that features sex reversion whenever the relevant gene is involved.'516 Taken together, the reported duplications cover the entire X chromosome with the exception of Xpll.l-+qll and confirm the assertion that partial constitutional disomies of this chromosome are compatible with postnatal survival 
I
.m ofthe affected males.2 The common phenotypic consequences of duplications for different X chromosome segments can hardly be regarded as discrete effects of specific genes but may rather be ascribed to a supragenic mechanism.
Most females with Xq duplications appear to be phenotypically normal but at least six previous cases have presented with developmental delay, congenital anomalies, short stature, or ovarian dysfunction. 4 The constant inactivation of the rearranged X chromosome documented in normal carriers as well as the opposite pattern found in one abnormal girl with a de novo duplication6 and the data in our family argue for a simple correlation between gene expression of the duplicated segment and phenotype; furthermore, the preferential inactivation of the duplicated Xq chromosome also observed in most phenotypically abnormal carriers4 may still agree with such a relationship as the inactivation pattern would vary among different tissues. Incidentally, the occurrence of short stature in some "normal" carriers413 (present study) points to a wide clinical spectrum and is consistent with the aforementioned correlation. Additional support for the crucial role of the partial X disomy in the female phenotype comes from the severe clinical consequences of non-inactivated small ring X chromosomes17-19 as well as from balanced X; autosome translocations whose significant association with mental retardation and congenital anomalies in female carriers has been related to functional disomy rather than to spreading of inactivation into the autosomal segment.20
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